In each of 1-(4-fluorophenyl)-5-methylsulfonyl-3-[4-(trifluoromethyl)phenyl]-4,5,6,7-tetrahydro-1H-pyrazolo[4,3-c]pyridine, C 21 H 19 F 4 N 3 O 2 S, (I), 1-(4-chlorophenyl)-5-methylsulfonyl-3-[4-(trifluoromethyl)phenyl]-4,5,6,7-tetrahydro-1Hpyrazolo[4,3-c]pyridine, C 21 H 19 ClF 3 N 3 O 2 S, (II), and 1-(3-methylphenyl)-5methylsulfonyl-3-[4-(trifluoromethyl)phenyl]-4,5,6,7-tetrahydro-1H-pyrazolo-[4,3-c]pyridine, C 22 H 22 F 3 N 3 O 2 S, (III), the reduced pyridine ring adopts a halfchair conformation with the methylsulfonyl substituent occupying an equatorial site. Although compounds (I) and (II) are not isostructural, having the space groups Pbca and P2 1 2 1 2 1 , respectively, their molecular conformations are very similar, but the conformation of compound (III) differs from those of (I) and (II) in the relative orientation of the N-benzyl and methylsulfonyl substituents. In compounds (II) and (III), but not in (I), the trifluoromethyl groups are disordered over two sets of atomic sites. Molecules of (I) are linked into centrosymmetric dimers by C-HÁ Á Á(arene) hydrogen bonds, molecules of (II) are linked by two C-HÁ Á ÁO hydrogen bonds to form ribbons of R 3 1. Introduction 5, 6, pyridines were first synthesized as a new class of antihypertensive agent (Winters et al., 1985) and compounds of this type have subsequently been used for the treatment of neuropathic pain (Yogeeswari et al., 2013) . 5, 6, pyridines have been shown (Ye et al., 2010) to act as potent inhibitors of -secretase, an intramembrane protease. Structural studies of tetrahydropyrazolo [4,3-c] pyridines are rather few in number (Smith et al., 2007; Ye et al., 2010; Guo, 2011; Petersen et al., 2013) , although the structure of a hexahydro derivative has been reported (Shahani et al., 2010) and, prompted by this comparative paucity of structural data, we now report the molecular and supramolecular structures of three closely related compounds of this class, namely 1-(4fluorophenyl)-5-methylsulfonyl-3-[4-(trifluoromethyl)phenyl]-4,5,6,7-tetrahydro-1H-pyrazolo[4,3-c]pyridine, (I), 1-(4-chlorophenyl)-5-methylsulfonyl-3-[4-(trifluoromethyl)phenyl]-4,5,6,7- ISSN 2053 ISSN -2296 # 2017 International Union of Crystallography tetrahydro-1H-pyrazolo [4,3-c] pyridine, (II), and 1-(3-methylphenyl)-5-methylsulfonyl-3-[4-(trifluoromethyl)phenyl]-4, 5,6,7tetrahydro-1H-pyrazolo[4,3-c] pyridine, (III) (see Scheme 1). Pyrazoles are readily synthesized by condensation of 1,3diketones with monosubstituted hydrazines (Wiley & Hexner, 1963) and similar reactions using 3-acylpiperidine-4-ones lead directly to 3-aryl-4,5,6,7-tetrahydropyrazolo[4,3-c] pyridines (Winters et al., 1985) . Compounds (I)-(III) were synthesized using as the common precursor 5-methylsulfonyl-3-[4-(trifluoromethyl)phenyl]-4,5,6,7-tetrahydro-1H-pyrazolo[4,3-c]pyridine (Scheme 1), which had itself been prepared by the hydrazine/1,3-diketone condensation method, viz. deprotonation of this precursor using sodium hydride, followed by reaction of the resulting anion with an appropriately substituted benzyl bromide gave compounds (I)-(III) in yields of around 90%.
Experimental

Synthesis and crystallization
For the synthesis of compounds (I)-(III), a solution of 5-methylsulfonyl-3-[4-(trifluoromethyl)phenyl]-4,5,6,7-tetrahydro-1H-pyrazolo [4,3-c] pyridine (1 mmol) in N,N-dimethylformamide (20 ml) was added to sodium hydride (1 mmol) at 273 K. The appropriately substituted benzyl bromide [4-fluorobenzyl bromide for (I), 4-chlorobenzylbromide for (II) or 3-methylbenzyl bromide for (III)] (1 mmol) was then added dropwise and the mixtures were stirred at ambient temperature for 6-8 h, with thin-layer chromatography (TLC) monitoring of the progress of the reactions. When the reactions were judged to be complete, an excess of crushed ice was added to each mixture, and the resulting solid products were collected by filtration, and then dried in air; the yield was 90% for (I), 92% for (II) and 94% for (III). Crystals suitable for single-crystal X-ray diffraction were grown by slow evaporation, at ambient temperature and in the presence of air, of solutions in N,N-dimethylformamide [m.p. 441 K for (I), 433 K for (II) and 443 K for (III)].
Refinement
Crystal data, data collection and structure refinement details for (I)-(III) are summarized in Table 1 . All H atoms were located in difference maps and then treated as riding atoms in geometrically idealized positions, with C-H = 0.93 (aromatic), 0.96 (CH 3 ) or 0.97 Å (CH 2 ) and with U iso (H) = kU eq (C), where k = 1.5 for the methyl groups, which were allowed to rotate but not to tilt, and 1.2 for all other H atoms. For compound (II), the correct absolute configuration of the molecules in the crystal selected for data collection was established by means of the Flack x parameter (Flack, 1983 ), x = 0.03 (3), calculated (Parsons et al., 2013) by the use of 1208 quotients of the type [(I + ) À (I À )]/[(I + ) + (I À )], and by the use of the Hooft y parameter (Hooft et al., 2008) , y = 0.02 (3), calculated using 2053 Bijvoet pairs (100% coverage). The reference molecules in compounds (I) and (III) were selected to have the same absolute configuration as found for compound (II). In each of compounds (II) and (III), the F atoms of the CF 3 group were disordered over two sets of atomic sites, with occupancies of 0.51 (2) and 0.49 (2) in (II), and 0.579 (19) and 0.421 (19) in (III). In the final analysis of variance for each of compounds (I) and (III), there was a negative value of K = mean(F o 2 )/mean(F c 2 ) for the groups of the very weakest reflections: for (I), K = À7.571 for the 451 reflections having F c /F c (max) in the range 0.000 < F c /F c (max) < 0.005, and for (III), K = À0.828 for the 447 reflections having F c /F c (max) in the range 0.000 < F c /F c (max) < 0.005.
Results and discussion
The constitutions of compounds (I)-(III) differ only in the identity and location of a single simple substituent in the N-benzyl ring, i.e. 4-fluoro in (I), 4-chloro in (II) and 3-methyl in (III). Despite this, the three compounds all crystallize in different space groups, i.e. Pbca for (I), P2 1 2 1 2 1 for (II) and P2 1 /n for (III); thus, the 4-halogeno compounds (I) and (II) are far from being isomorphous.
In compound (I), the CF 3 group is fully ordered, but in each of (II) and (III), the F atoms of this group are disordered over two sets of atomic sites having occupancies of 0.51 (2) and 0.49 (2) (Bruker, 2012) , SAINT-Plus (Bruker, 2012) , SHELXS86 (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2015) , PLATON (Spek, 2009 ).
Figure 1
The molecular structure of compound (I), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 2
The molecular structure of compound (II), showing the atom-labelling scheme and both orientations of the disordered -CF 3 group. Displacement ellipsoids are drawn at the 30% probability level.
For the reduced pyridine ring in each of compounds (I)-(III), the ring-puckering parameters (Cremer & Pople, 1975) show (Table 2 ) that this ring ( Fig. 4 ) adopts a half-chair conformation (Evans & Boeyens, 1989) ; for an idealized half chair form, the puckering angles are = 50.8 and ' = (60k + 30) , where k represents an integer. The displacements of atom N5 from the C4/C3A/C7A/C7 plane are 0.289 (5), 0.409 (5) and 0.288 (4) Å , respectively, for compounds (I)-(III), and the corresponding displacements of atom C6 to the opposite side of this plane are 0.439 (6), 0.373 (6) and 0.463 (4) Å . In each case, the methylsulfonyl group occupies an equatorial site.
In addition to these very similar ring conformations in (I)-(III), the torsion angles defining the orientation of the methylsulfonyl and 4-trifluoromethylphenyl substituents relative to the fused-ring system are also very similar (Table 2) .
However, the torsion angles defining the orientation of the N-benzyl unit relative to the pyrazole ring, while similar in the 4-halogeno compounds (I) and (II), differ from those in compound (III). In each of (I) and (II), the N-benzyl unit lies on the same side of the fused-ring system as the methyl group of the MeSO 2 unit, whereas in (III), it lies on the opposite side (Figs. 1-3).
All of the molecules are conformationally chiral and for each of (I) and (III), the centrosymmetric space group confirms that equal numbers of the two conformational enantiomers are present, but in compound (II), there is only one enantiomer present in each crystal. The correct enantiomorph in the crystal of (II) selected for data collection was established by means of the Flack x parameter (Flack, 1983) and the Hooft y parameter (Hooft et al., 2008 ); x = 0.03 (3) and y = 0.02 (3). The reference molecules for (I) and (III) were selected to have the same hand for the reduced-ring conformation as that found for (II).
The supramolecular assembly in compound (I) is quite simple: the combined action of two independent C-HÁ Á Á(arene) hydrogen bonds (Table 3 ) links inversionrelated pairs of molecules into centrosymmetric dimers (Fig. 5 ). The only other short direction-specific contact between the molecules of compound (I) is a C-HÁ Á ÁN contact ( The molecular structure of compound (III), showing the atom-labelling scheme and both orientations of the disordered -CF 3 group. Displacement ellipsoids are drawn at the 30% probability level.
Figure 4
The reduced pyridine ring in compound (I), showing the half-chair conformation. For the sake of clarity, the majority of the other atoms in the molecule have been omitted. Table 2 Selected geometrical parameters (Å ) for compounds (I)-(III).
Ring-puckering angles are calculated for the atom sequence N5-C4-C3A-C7A-C7-C6.
Ring-puckering parameters Q 0.481 (3) 0.517 (3) 0.498 (2) 48.0 (4) 50.4 (3) 52.6 (2) ' 322.9 (5) 331.6 (5) 322.4 (3)
Torsion angles
À42.6 (3) À51.9 (2) À37.73 ( Hydrogen bonds and short intermolecular contacts (Å , ) for compounds (I)-(III).
Cg1 and Cg2 represent the centroids of the C11-C16 and C31-C36 rings, respectively. Symmetry codes: (i) Àx + 1, Ày + 1, Àz + 1; (ii) x + 1 2 , Ày + 3 2 , Àz + 1; (iii) x, y À 1, z; (iv) Àx + 1, y À 1 2 , Àz + 3 2 ; (v) x + 1 2 , Ày + 3 2 , z + 1 2 .
unlikely to be of structural significance (Riddell & Rogerson, 1996 , 1997 .
In the crystal structure of compound (II), molecules related by translation are linked by a C-HÁ Á ÁO hydrogen bond to form a C(12) (Bernstein et al., 1995) chain running parallel to the [010] direction, while a second, longer, C-HÁ Á ÁO hydrogen bond links molecules related by the 2 1 screw axis along ( 1 2 , y, 3 4 ) to form a C(9) chain along [010]; the combination of these two chain motifs generates a ribbon running parallel to the [010] direction and characterized by a C(9)C(12)-[R 3 3 (18)] motif ( Fig. 6 ). In addition, the crystal structure of compound (II) contains two short intermolecular C-ClÁ Á Á (arene) contacts (Table 4) , and the contact involving the C31-C36 ring has a CÁ Á Á(ring centroid) distance slightly shorter than the mean distance of 3.6 Å deduced from a database study (Imai et al., 2008) for attractive contacts of this type. In compound (II), this interaction links molecules related by translation to form a chain running parallel to the [110] direction (Fig. 7) . The ribbon along [010] and the chain along [110] combine to form a complex sheet lying parallel to (001).
For compound (III), the supramolecular assembly depends upon a combination of one C-HÁ Á ÁO hydrogen bond and one C-HÁ Á Á(arene) hydrogen bond (Table 3) . Molecules related by inversion are linked by the symmetry-related pairs of C-HÁ Á Á(arene) hydrogen bonds to form cyclic centrosymmetric dimers ( Fig. 8 ), somewhat reminiscent of the dimer formation in compound (I). The C-HÁ Á ÁO hydrogen bond links molecules related by the n-glide plane at y = 3 4 to form a C(9) chain running parallel to the [101] direction ( Fig. 9 ), and the combination of these two motifs generates a sheet lying parallel to (101).
Hence, the patterns of supramolecular assembly in compounds (I)-(III) depend on a different range of hydrogen bonds in each case, namely C-HÁ Á Á(arene) in compound (I), C-HÁ Á ÁO in compound (II) and a combination of these two types in compound (III), which lead in turn to a hydrogen- Table 4 C-ClÁ Á Á(arene) contacts (Å , ) in compound (II).
Cg1 and Cg2 represent the centroids of the C11-C16 and C31-C36 rings, respectively. (2) 4.559 (4) 103.13 (13) C14-Cl14Á Á ÁCg2 ii 1.736 (4) 3.4292 (18) 5.031 (4) 152.23 (14) Symmetry codes: (i) x À 1, y, z; (ii) x À 1, y À 1, z.
Figure 5
Part of the crystal structure of compound (I), showing the formation of a centrosymmetric dimer. For the sake of clarity, the unit-cell outline and H atoms bonded to C atoms not involved in the motif shown have been omitted. Atoms marked with an asterisk (*) are at the symmetry position (Àx + 1, Ày + 1, Àz + 1).
Figure 6
A stereoview of part of the crystal structure of compound (II), showing the formation of a C(9)C(12)[R 3 3 (18)] ribbon running parallel to the [010] direction. For the sake of clarity, H atoms bonded to C atoms not involved in the motifs shown have been omitted.
Figure 7
Part of the crystal structure of compound (II), showing the formation of a chain along the [110] direction built from C-ClÁ Á Á(arene) interactions. For the sake of clarity, all H atoms have been omitted. Cl atoms marked with an asterisk (*) or a hash (#) are at the symmetry positions (x À 1, y À 1, z) and (x + 1, y + 1, z), respectively. bonded assembly which is finite, or zero-dimensional, in (I), one-dimensional in (II) and two-dimensional in (III), with that in (II) being amplified by an C-ClÁ Á Á(arene) interaction to form a sheet structure entirely different from that formed in (III).
It is of interest briefly to compare the structures of compounds (I)-(III) with those of the related compounds (IV)-(VIII) (see Scheme 2). In each of (IV) (Guo, 2011) , (V) (Ye et al., 2010) and (VI) (Shahani et al., 2010) , the reduced pyridine ring adopts a half-chair conformation, as found here for (I)-(III), although for (VI) this was described in the original report as half-boat. Although in each of compounds (I)-(III), the methylsulfonyl substituent occupies an equatorial site, in diester (IV), the N-alkoxycarbonyl substituent occupies an axial site on the reduced pyridine ring, and in arylsulfonyl compound (V), all three substituents on this ring adopt axial sites, so that the aryl sulfonyl unit is trans to both of the ethyl substituents, which are themselves mutually cis; in hexahydro compound (VI), the N atom of the reduced pyridine ring has planar geometry. Inversion-related pairs of molecules of (IV) are linked by C-HÁ Á ÁO hydrogen bonds to form cyclic centrosymmetric R 2 2 (16) dimers (Guo, 2011) , while in the crystal structure of compound (V), which crystallizes as a single enantiomer in the Sohncke space group P2 1 2 1 2 1 , molecules related by a 2 1 screw axis are linked into a C (8) chain by N-HÁ Á ÁN hydrogen bonds (Ye et al., 2010) . In the crystal structure of hexahydro compound (VI), molecules are linked by two independent N-HÁ Á ÁO hydrogen bonds to form ribbons containing alternating rings of R 2 2 (8) and R 2 4 (10) types, although this was not pointed out in the original report (Shahani et al., 2010) . Finally, we note unreduced derivative Part of the crystal structure of compound (III), showing the formation of a cyclic centrosymmetric dimer. For the sake of clarity, the unit-cell outline and H atoms not involved in the motif shown have been omitted. Atoms marked with an asterisk (*) are at the symmetry position (Àx + 1, Ày + 1, Àz + 1).
Figure 9
Part of the crystal structure of compound (III), showing the formation of a C(9) chain parallel to [101] built from C-HÁ Á ÁO hydrogen bonds. For the sake of clarity, H atoms bonded to C atoms not involved in the motif shown have been omitted. Atoms marked with an asterisk (*) or a hash (#) are at the symmetry positions (x + 1 2 , Ày + 3 2 , z + 1 2 ) and (x À 1 2 , Ày + 3 2 , z À 1 2 ), respectively.
(VII) (Commeiras et al., 2004) and dione (VIII) (Smith et al., 2007) , in both of which the fused bicyclic ring system is planar. Inversion-related pairs of molecules of (VII) are linked into centrosymmetric dimers by a combination of C-HÁ Á Á (arene) hydrogen bonds and astacking interaction, while the molecules of (VIII) are linked into sheets containing S(6), R 2 2 (10) and R 4 5 (19) rings by the action of four independent N-HÁ Á ÁO hydrogen bonds.
supporting information sup-1 . C73, 298-304 supporting information For all compounds, data collection: APEX2 (Bruker, 2012) ; cell refinement: APEX2 (Bruker, 2012) ; data reduction:
SAINT-Plus (Bruker, 2012) ; program(s) used to solve structure: SHELXS86 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: PLATON (Spek, 2009) . Software used to prepare material for publication: SHELXL2014 (Sheldrick, 2015) and PLATON (Spek, 2009 ) for (I), (III); SHELXL2014 (Sheldrick, 2015 and PLATON (Spek, 2009 ) for (II). where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max < 0.001 Δρ max = 0.35 e Å −3 Δρ min = −0.53 e Å −3 Extinction correction: SHELXL2014 (Sheldrick, 2015) , Fc * =kFc[1+0.001xFc 2 λ 3 /sin(2θ)] -1/4 Extinction coefficient: 0.0032 (8) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 
179.6 (2) C3-C31-C32-C33 177.5 (3) C4-N5-C6-C7 65.6 (3) C31-C32-C33-C34 1.3 (5) supporting information sup-6 . C73, 298-304
Hydrogen-bond geometry (Å, º) 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Occ. (<1) N1 0.6422 (4) 0.5128 (2) 0.64083 (7) 0.0435 (6) N2 0.7153 (4) 0.5746 (2) 0.60944 (7) 0.0430 (6) where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max < 0.001 Δρ max = 0.33 e Å −3 Δρ min = −0.29 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 0.0299 (9) 0.0393 (10) 0.0330 (9) 0.0046 (8) 0.0137 (7) 0.0014 (8) C3 0.0292 (10) 0.0278 (10) 0.0318 (11) 0.0004 (8) 0.0107 (8) −0.0014 (8) C3A 0.0290 (10) 0.0321 (11) 0.0303 (10) 0.0007 (9) 0.0103 (8) −0.0014 (9) C4 0.0335 (11) 0.0458 (13) 0.0314 (11) 0.0052 (10) 0.0115 (9) 0.0029 (9) N5 0.0335 (10) 0.0495 (12) 0.0315 (10) 0.0003 (8) 0.0085 (8) 0.0067 (8) C6 0.0425 (13) 0.0543 (15) 0.0402 (13) −0.0027 (11) 0.0185 (10) 0.0090 (11) C7 0.0361 (12) 0.0517 (14) 0.0382 (12) −0.0014 (11) 0.0177 (10) −0.0002 (11) C7A 0.0331 (11) 0.0341 (11) 0.0302 (11) −0.0012 (9) 0.0108 (9) −0.0030 (9) C17 0.0253 (10) 0.0477 (13) 0.0420 (12) 0.0030 (10) 0.0135 (9) −0.0011 (10) C11 0.0245 (10) 0.0472 (14) 0.0373 (12) 0.0056 (10) 0.0056 (9) −0.0071 (10) C12 0.0359 (12) 0.0476 (14) 0.0382 (12) 0.0058 (11) 0.0041 (10) −0.0038 (11) 
